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The ear of the mouse is useful for studying the effects 
of ultraviolet light on epidermal pigment cells. The quan-
tity of light penetrating into the skin causing an inflam-
matory response can be assessed easily by measuring 
with an engineering calipers the swelling of the ear_ The 
inflammatory response of the ear exhibits a linear rela-
tionship to the dose of light delivered. We observed that 
doses of shortwave ultraviolet light w hich are nonin-
flammatory when repeated at d aily intervals induce 
moderate to sev ere inflammation. Small doses of psora-
len and prolonged exposure to UV A (PUV A) were more 
inflammatory than larger amounts of psoralen and short 
exposure to light. 
Doses of shortwave ultraviolet light and PUV A which 
produce only a minimal inflammation of the skin stimu-
late the proliferation of epidermal melanocytes. In con-
trast, PUV A in doses sufficiently large to cause a marked 
inflammatory reaction in the skin seems injurious to 
pigment ce lls and kills them or causes only a minimal 
proliferative response. The inflammatory reaction itself 
does not seem to stimulate or inhibit the proliferation of 
melanocytes - Prostaglandins A, E, and F2a have no effect 
on the proliferation of epidermal pigment cells. In con-
trast, dimethyl sulfoxide (DMSO) and allergic contact 
dermatitis increase the numerical density of pigment 
cells. Steroids may block the function of the enzyme 
tyrosinase . Our experiments indicate that pigment cells, 
like many other varieties of cells, are susceptible to 
injury and can be killed at least by large doses of PUV A. 
U ltraviolet ligh t stimulates the proliferation of pigment cells 
in the skin [1-3]. This observation cannot be predicted fxom 
what is known about th e biological effects of ultraviolet light. 
Shortwave ultraviolet light and PUV A (psoralens plus ultravi-
olet A) seem to be toxic for many tissues and cells. Both forms 
of light kill epidermal cells (sunburn cells); inhibit synt hesis of 
DNA [4]; cause cross linking of DNA [5]; dam age intracellular 
RNA and proteins [5,6]; cause mutations [6]; kill lymphocytes 
[7,8]; or inhibit their function [9]; and block keratinocyte mitosis 
[10]. In human skin intens ively irra diated for long periods of 
time by sunlight, the density of pigment cells is abnormally low 
and those pigment cells visible are morphologically 
bizarre [ll]. How light induces proliferation of th e epidermal 
pigment cells is not known. It could be a direct effect of ligh t on 
t he cell or could be mediated by a by-product of ligh t toxicity, 
i.e., the inflammation which is manifested in human subjects as 
sunbum. Some of the chemical m ediators of inflammation 
present in the inflammatory exudate, i. e., prostagla ndins [12,13] 
could be responsible for inducing pigment cell growth or acti-
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vating pigment cell fu nction. In this paper, we studied whether 
pigment cells are susceptible in vivo to the injurious effects of 
ultraviolet light like other cells or aTe protected from light by 
their content of melanin. We also studied whether t he inflam-
mation caused by ultraviolet light was directly related to the 
proliferative or injurious effects of the light on pigment cells 
and we h ave made observations on t he effects of some chemical 
mediators of inflammation like prostaglandins on proliferation 
of epidermal pigment cells. 
METHODS 
Mice 
All mice used for these experiments were DBA/ 2 male mice, 6-8 
weeks in age purchased from Jackson Laboratories, Bar Harbor, Maine. 
Each experimental group of animals was caged separately. Animals had 
free access to Pill'ina mouse chow and water. The animals were shielded 
from direct exposw'e to sunlight. The room was illuminated with 
fluorescent light bulbs. 
Light Sources 
The shortwave lamp used in these studies are mercury arcs GE (BLE 
IT 155) which have a maximum energy emission at 253,7 nm and 
smaller emissions at 265.2 nm and 312.9 nm. A Blak-Ray shortwave 
UV meter with a spectral sensitivity at 250-320 nm (Ultraviolet Prod-
ucts, San Gabriel, CAl and a Spectroline-DM 300 meter with a sensi-
tivity of 280-320 nm (Derma Control, Dolton, IL) were used to monitor 
the emissions fro m these lamps. Readings were corrected fo r infrared 
emissions. Approximately, 10% of ~he energy emitted was in the 280-
320 nm spectrum. For most experiments, the quantity of energy striking 
the mice was standardized at 1,900 J.lw/ cm2. 
For other experiments, fluorescent lamps emitting predominantly 
UVB (Sylvania FS-40) were used. Their output was 2,920 J.lw/ cm2. 
The source of longwave ultraviolet light was a 100 watt Sylvania 
black lamp (H4468-100) with a glass housing and a spectral emission of 
320-400 nm. The dose was monitored with a Blak-Ray longwave meter 
with a sensitivity of 300-400 !Un (Ultraviolet Products, San Gabriel, 
CAl and a Spectroline-DM 365 meter, spectral sensitivity 320-400 nm 
(Derma Control, Dolton, IL). Readings were corrected for infrared 
emissions. Mice we.re exposed in all experiments to longwave ultraviolet 
light filtered through a '14 in. thick piece of window glass to remove 
UVE. At a flu ence of 11,000 !J.w/cm2 for UVA, the quantity of UVB was 
less than 5 J.lw/cm2. For most experiments, the intensity of UVA light 
was standru'dized at 11,000 J.lw/ cm2. 
Qu.antification of Shin Reactions to Shortwave UVand P UVA 
To study the effects of light on components of skin like pigment cells 
and Langerhans cells, it is necessary to be able to assess the penetration, 
absorption, and interaction of light with the skin. In human subjects, 
the minimal perceptive erythema (minimal erythema dose or MED) is 
used as a measure of the overall penetration and interaction of light on 
the components of a subject's skin. Erythema is part of the inflamma-
tory reaction caused by light. 
Light causes inflammation and swelling of the mouse eru' which can 
be quantified more objectively by measurement with an engineering 
calipers. The average thickness of 470 eru'S from 235 normal mice was 
0.0099 in. (S.E. = 0.00056; S.D. = 0.00046) . In mice exposed to light, the 
thickness of the ear was measured 48 hr after exposure to light when 
t.he inflammatory response was most mru'ked for both UVB and UV A 
light. Experiments were planned so that the dose of short and longwave 
ul traviolet light produced the desired amount of inflammation. The 
dose of light was vru'ied to produce minimal (15-20% swelling), inter-
mediate (50% swelling), or mru'ked inflammation (greater than 80% 
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swelling) . This technique allowed us to compare the results of one 
experiment to those of another. 
Dop a S tains for Pigment Cells 
After exposu.re, the mouse was sacrificed and the entire ear cut from 
the animal. The ears were mechanically split into dorsal and ventral 
pieces and the tissue incubated in a buffer solu t ion containing 0.025 M 
E DTA, pH 7.2, for 1 to 2 hr at 37°C. The epidermis was peeled off and 
placed in a solu tion containing 10 mg of L-dopa in 10 ml of 0.2 M 
phosphate buffer, pH 6.8, and incubated overnight at 37°C. The skin 
was fixed in 10% formalin for 20 min, dehydrated in successive a lcohol 
baths, cleared with xylene and mounted in permount. 
Exp erimental Design and Quantification of Pigment Cells 
For all experiments, there were a minimum of 5 mice in each 
experimental group. Mice were enclosed in a cage and allowed to move 
freely when exposed to light. The ears were obliquely positioned to the 
ultraviolet light. The flu ence of light was measured a t the level of the 
tips of the eal's with a light meter positioned perpendicular to the light 
source. 
The pigment cells are numerically most dense on the free edge of 
the ear and most sparse a t the base of th e ear. The number of dopa 
positive cells at 5 standardized areas visible within a grid inserted in 
the eye piece (200x magnification - 1 grid is 0.25 mm") were counted 
on each ear , a total of 25 fields per experimental group. The counts 
were averaged and a mean and standard error of the numerical density, 
or simply the density of pigment cells, was calculated. 
Drugs 
Psoralens were purchased as a 1% solution of 8-methoxypsoralen 
from the Elder Company. For some experiments, the commercially 
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availa ble preparation was diluted to the proper concentration with 
ethanol: propylene glycol (1:1) . The volume of psoralen was measured 
and applied to the eal' with an Eppendorf microliter pipet 1 hr before 
exposure to the light source. 
Prostaglandins were received gra tis from the Upjohn Company, 
Kalamazoo, Michigan. Triamcinolone ace tonide cream (Aristocort) , 0.1 
and 0.5% concentration, was purchased from Lederle Laboratories. 
Triamcinolone acetonide su.spension (10 mg/ml) was purchased from 
Squibb Laboratories and was diluted in physiologic saline (2.5 mg/ ml) 
for parenteral injections. Dimethyl sulfollide (DMSO) and indometha-
cin were purchased from commercial sources. Two sunscreens were 
used in same experiments, 5% solution of para-amino benzoic acid 
(Presun, Westwood Pharmaceuticals) and 10% solu tion of sulisoben-
zone (UVAL, Dorsey Laboratories). 
RESULTS 
Inflammatory Effects of Shortwave Ultraviolet Light 
Groups of 5 DBA/ 2 mice were exposed to single or multiple 
doses of shortwave ultraviolet light. The intensity of light 
striking the tips of the animals' ears (except as noted at the end 
of Table I) was 1,900 fJ.W/Cm2. The inflammatory response 
which is maximal 48 hr after exposw-e is shown in Table 1. The 
quantity of light striking the ear exhibits a linear relationship 
to the response of the host tissue. A single exposure of mice to 
120 seconds (0.22 joules) of ultraviolet light caused measw-able 
swelling. A 60 second exposure (0.11 joules) seems to be at the 
threshold of detection. Daily exposw-e to subinflammatory 
quantities of light (30 seconds, 0.05 joules daily for 5 days) also 
caused a measurable inflammatory response. Larger doses of 
TAB L E 1. Increase in the mean thichness of ear 48 hr after exposure to shortwave ultraviolet light (250-320 nm) 
Duration of Number TotaI Mean thickness Percentage 
exposure(' of dose (in.) 48 hr increase (seconds) exposures (joules) after treatment in thickness (+SE) b 
15 .027 0.0099 ± 0.0005 0 
30 0.055 0.0099 ± 0.0005 0 
60 1 0.11 0.0108 ± 0.0003 4 
. 120 1 0.23 0.0122 ± 0.0004 17 
180 1 0.34 0.0165 ± 0.0007 31 
240 1 0.46 0.0175 ± 0.0010 56 
300 1 0.57 0.0191 ± 0.0006 69 
15 seconds daily x 5 5 .14 0.0104 ± 0.0003 4 
30 seconds daily x 5 5 .28 0.0125 ± 0.0003 25 
60 seconds daily x 3 weeks 3 0.34 0.0112 ± 0.0004 17 
120 seconds X 3 weeks 3 0.68 0.0123 ± 0.0006 22 
600 seconds (380 Ji.w/cm2) 1 0.23 0.0105 ± 0.0006 6 
1200 seconds (190 Ji.w/cm2) 1 0.23 0.0116 + 0.0003 29 
" Intensity of shortwave ultraviolet light 1,900 Ji.w/cm2 except where noted. 
I, Five mice in each group. Mean increase of 10 ears. 
TABLE II. Inflammatory response of mouse ear 72 hr after graded dose of PUVA" 
Dose of light Volume of 
Mean thickness 
T ime, min 8-methoxypsoralen Concentration of (in) 48 hr Percentage (joules) 
microliters 8-methoxypsoraIen % after treatment increase (±SE)" 
40 27 0 0.0112 ± 0.0002 0 
80 53 0 0.0118 ± 0.0004 9.1 
0 200 1 0.0109 ± 0.0005 4 
5 3 50 0.01 0.0104 ± 0.0003 1 
10 6 50 0.01 0.0113 ± 0.0005 8 
15 10 50 0.01 0.0118 ± 0.0002 9 
5 3 50 1.0 0.0130 ± 0.0006 9 
10 6 50 1.0 0.0109 ± 0.0002 1 
15 10 50 1.0 0.0114 ± 0.0005 11 
30 19 50 1.0 0.0166 ± 0.0023 47 
15 10 100 1.0 0.0151 ± 0.0011 26 
30 19 100 1.0 0.0186 ± 0.0030 65 
. 60 38 .100 1.0 0.0325 ± 0.0005 187 
30 19 200' 1.0 0.0200 ± 0.0040 107 
60 38 200 1.0 0.0268 168 
" Intensity of Ligh t 11,000 Ji.w/cm2. . 
" Five mice in each group. M ean increase 5 ears. 
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TABLE III. The effect of shortwave ultravio let light (250·320mm) on proliferation of epidermal pigment cells 
Duration o f exposure Frequency of Du ration of 
(seconds) exposure experime nt 
None 
180 1 o hr 
180 1 6 Days 
180 1 14 Days 
15 3x/wk 1 Week 
15 5X/wk 1 Week 
30 3x/wk 1 Week 
60 1x/wk 3 Weeks 
60 3x/wk 3 Weeks 
120 1X/wk 3 Weeks 
120 3X/wk 3 Weeks 
180 l X/wk 3 Weeks 
30 5x/wk 4 Weeks 
180 1x/wk 4 Weeks 
30 5x/wk 6 Weeks 
180 1X/ wk 6 Weeks 
a EPC-epidermal pigment cell; SE-standard error of the mean. 
light repeated at less frequent intervals produced a significant 
increase in the thickness of the ear at the end of one week. 
Sunscreens like 5% para-kino benzoiC acid (Presun) and 10% 
sulisobenzone (UV AL) partially blocked the swelling reaction. 
These experiments were repeated using fluorescent sunlamps 
(Sylvania FS-40) emitting predominantly UVB, the intenSi ty 
2,920 J.Lw /cm 2. Sixty seconds exposure (0.17 joules) caused no 
swelling, 120 seconds (0.35 joules) caused an 11% increase in 
the thickness of the ear and 240 seconds (0.70 joules), a 43% 
increase. 
The Inflammatory Effects of Topical Psoralens and 
Ultraviolet Light 
Psoralen and ultraviolet light A (PUV A) together produce an 
inflammatory response in the ear of the mouse. Eighty minutes 
(53 joules) exposure to UVA (11,000 J.Lw /cm 2) alone caused only 
minimal swelling (Ta ble Il) . A 1% solut ion (200 J.LI) of 8-me-
thoxypsoralen without UV A does not irritate the ear . Graded 
doses of light and psoralen cause minimal to mluked swelling 
of the ear. The response of the ears of groups of 5 mice to 
standardized doses of PUV A is lineru .. Increasing the dose or 
volume of psoralen (50, 10, or 200 J.Ll) at constant exposure to 
UV A increases the inflammatory reaction. Longer exposure to 
light (30 min or 20 joules) and smaller doses of psoralen (50 J.Ll 
of 1% solution) are more inflammatory than less light (15 min 
or 10 joules) and lru'ger volumes (100 J.LI) of psoralen. Similru'ly, 
60 min (40 joules) exposure and 100 J.LI psoralens produces more 
inflammation than 30 min (20 joules) of light and 200 J.Ll of 
psoralen . 
Effects of Indomethacin and Steroids on Light Induced 
Inflammation 
Indomethacin inhibits synthesis of prostaglandins and de-
creases the erythemal reaction of human and guinea pig skin to 
shortwave ultraviolet light. Steroids have a similar effect 
[12,13]. We tested whether indomethacin and steroids (triam-
cinolone acetonide) had a similar effect on the swelling of the 
mouse eru' in response to short and longwave ultraviolet light. 
Groups of 5 mice were exposed to graded doses of light 3 times 
in one week. Indomethacin (100 J.Ll of 0.6% indomethacin in 
100% DMSO) was applied daily during the week of the expo-
sure. Triamcinolone acetonide (50 mg/ kg body weight in 0.5 cc 
saline) was injected intraperitoneally during the week of expo-
sure. Ears were measured 48 hr after last light exposure. 
Undiluted DMSO caused swelling of the ear which seemed 
additive to that caused by light . Indomethacin decreased the 
swelling caused by the shortwave light, PUV A, and DMSO. 
Cortisone also blocked the swelling of short and longwave light. 
These resul ts suggest the swelling of the ear caused by UVB or 
Number of 
exposures 
1 
3 
5 
3 
3 
9 
3 
9 
3 
20 
4 
30 
6 
Mean number of 
ErC/ mm' :!: SE" 
272 ± 28 
296 ± 24 
376 ± 20 
512 ± 12 
264 ± 20 
328 ± 28 
352 ± 40 
280 ± 32 
408 ± 36 
424 ± 36 
440 ± 28 
416 ± 32 
392 ± 42 
404 ± 28 
468 ± 36 
432 ± 10 
Percent 
Swelling 
o 
12 
28 
20 
36 
32 
34 
42 
PUV A and possibly DMSO is mediated in part by prostaglan-
dins as is the erythema of sunburn in human subjects [12,13). 
Proliferative Effects of Shortwave Ultraviolet Light 
Groups of 5 mice were exposed to a single dose of shortwave 
ultravIolet ligh t, 1,900 J.Lw/ cm2, for 180 seconds. The mice were 
sacrificed at 0 hours, 6 days, or 14 days, and the density of the 
epidermal pigmen t cells was determined (Table I). The number 
of epidermal pigment cells, expressed as t he number of cells/ 
mm2 increased over a 2-week period of time. Repeated expo-
sures of the animals to smaller doses of light which produced 
little or no inflammation (15 seconds x 3 per week or 5 per 
week) caused only a slight increase in the density of cells . Doses 
of light which produce more intense inflammation, 30 seconds 
x 3 per week, seemed to have a greater effect on the density of 
t he epidermal pigment cells. Repeated exposme of th e animals 
to light for prolonged periods, i.e., 4-6 weeks, however, did not 
produce a greater density of cells than 3 weeks of treatments. 
In general, it seems that t he greater the amount of shortwave 
ultraviolet light to which the animals were exposed, the greater 
the final density of epidermal pigment cells. A density of 500 
cells/mm2 was maximum for DBA/2 mice exposed to the doses 
of shortwave ultraviolet ligh t used in these experiments (Table 
III) . 
Proliferative Effects of a Single Dose of PUVA 
The effects of psoralens on the proliferation of epidermal 
pigment cells were tested under several different conditions. 50 
J.Ll of 1% 8-methoxypsoralen and 15 min (10 joules) exposure to 
UV A light produced a small but measurable amount of swelling. 
Sixty minutes (40 joules) of UVA exposme after applications of 
50 J.L1 or more of 1 % 8-methoxypsoralen produced severe inflam-
mation (Table II) . R esults of a single application of PUVA are 
shown in Fig 1. Groups of 5 animals were exposed on day 0 and 
sacrificed on either day 7 or 14. Each received only a single dose 
of PUV A. Light or psoralens by themselves had no effect on 
the number or density of epidermal pigment cells. It is clear 
from Fig 1 that UV A administered for the shorter times with 
moderate doses of psoralens produced the maximum prolifera-
tion of pigment cells. The optimum proliferative response of 
pigment cells occurred following eit her 100 J.Ll of 1 % 8-methoxy-
psoralen and 15 min exposure to ligh t or 50 J.Ll of 1% 8-methoxy-
psoralen and 30-min exposme. 
LID'ger amounts of light and psoralens which caused severe 
inflammation, i.e., greater than 80% swelling of the tissue, 
(psoralens and 60 min UV A) were a poor proliferative stimulus 
for epidermal pigment cells. At 7 days and in some cases at 14 
days, the number of pigment cells visible with dopa stains was 
less than the control. The low number of epidermal pigment 
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cells visible by dopa stain could be due either to the effect of 
PUV A on the enzyme tyrosinase or du e to destruction of 
pigment cells. Because the mice were allowed to rest 7-14 days 
after the exposW'e to PUV A, we think the data suggest that 
some of the cells were destroyed. 
The inflammatory response in the ears of animals exposed to 
15 min of light-200 III psoralen was less than animals receiving 
30 min of light-100 III psoralen or 60 min light and 50 III 
psoralen. In contrast, the proliferative response of the pigment 
cells was greatest in animals exposed to 15 min light and least 
in those exposed to 60 min. 
These experiments suggest that PUV A can stimulate prolif-
eration of epidermal pigment cells when administered in quan-
tities which do not markedly inflame the skin (less than 50-60% 
swelling). Those amounts of PUVA which produce severe tissue 
reactions manifested by marked inflammation and edema (100% 
swelling) destroy the pigment cells or retard their mitoses. 
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FIG l. The proliferative response of epidermal pigment ceLIs to a 
single dose of PUV A. T he pigment cells did not proliferate during the 
fLl'st week afte r exposure. Fourteen days after exposure their density 
doubled in those animals receiving small doses of PUV A causing 
minimal tissue reaction, i. e., less than 60% swelling. Large doses of 
PUV A which caused marked inflammation, i.e., 100% swelling of the 
ear, resulted in a decrease in the numerical density of pigment cells at 
7 days and a minimal proliferative response compared to normal 
controls at 14 days. 
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Effects of Multiple Doses of PUVA on Epidermal Pigment 
Cell Proliferation 
To determine whether multiple doses of PUV A had similar 
inhibitory or destructive effects on epidermal pigment celis, 
groups of 5 mice were exposed to PUV A for 3 or 5 times in one 
week; or given a single dose each week for 3 weeks. The volume 
of 8-methoxypsoralen was constant, 100 III of solution applied 
1 hr before exposure to light. The concentrations of psoralens 
used were 1/4, 112, and 1%. The intensity of ligh t was constant 
11,000 Ilw/c m2. The duration of exposure was variable, 5 (3 
joules), 10, or 15 min. All animals were sacrificed on day 23, 48 
hr after the last exposure. The results are shown in Fig 2. 
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FIG 2. The effects of repeated doses of PUV A on pigment cell 
proliferation. The duration of exposure to light (11,000 ,",w/cm2-15 min 
is 10 joules) and the concentration of 8-methoxypsoralen were varied. 
The amount of tissue reaction, i.e., swelling, is shown at the bottom of 
the graph. The optimal proliferation of epidermal pigment cells was 
produced by intermittent PUVA which caused less than 50% swelling. 
TABLE IV. The effect of low dose P UVA on proliferation of epidermal pigment cells (EPC) 
Frequency of treatment 
Ouralion of I wk 3 wk 5wk 
treaiment I /B" 1/ 4" 1/ 2" I /B 1/ 4 1/2 I/ B 1/4 1/ 2 
1 Week 
Day 7 240" 216 220 356 396 288 272 356 244 
Day 14 456 508 440 500 456 476 492 400 580 
3 Weeks 456 560 592 548 600 532 444 572 568 
5 Weeks 444 468 576 572 576 568 ND ND ND 
" Percent concentra tion of 8-MOP (100 1'1) applied to ear 1 hr before exposure to 5 min (3 joules) UVA. 
" Mean number of EPC/ mm2. 
UVA alone 100/,1 1',% 5 m.in-3 joules B·MOP alone 
244 240 
280 ND 
320 240 
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TABLE V. Mean density/ mm2 (± SE) of pigment cells following 
various inflammatory stimuli 
U ltraviolet 
treatment 
Applica tion of 
turpentine 
Challenge with 
ONCB 
+ + 
PUVA" 528 ± 44' 616 ± 42 636 ± 56 
S -UV" 400 ± 28 400 ± 20 592 ± 40 
None 244 ± 20 248 ± 12 360 ± 24 
a 100 /-II Y.% psoraien plus 5 min UV A X 3/wk. 
b 60 seconds X 3/ 1 wk. 
600 ± 42 
540 ± 32 
232 ± 10 
puv A treatment with the lal·gest doses of psoralen (I %) and 
light (15 min-lO joules) repeated 3 or 4 t imes per week 
destroyed the t issue of the ear. PUV A administered 3 times 
during one week for 10 min (6.5 joules) per exposme produced 
severe inflammation without destruction of the ear. It is clear 
from the figme that the net proliferative response of epidermal 
pigment cells incre~ses as the f:re~ue,:cy of treatments de-
creases. Moreover, if the psoralen IS dilu ted to 1/. or I/l% t he 
proliferative effect on pigment cells increases. The data show 
that large doses of PUV A are toxic to epidermal pigment cells. 
Doses of PUV A which cause severe tissue reaction manifested 
by marked inflan:m ation (100% swelling) cause mininl.aJ or .no 
proliferation of pIgment cells. The most marked prohferatJve 
response was obtained using Ih% psoralen and 5 min exposure 
to light repeated once a week for 3 weeks. In general, the 
optimum doses of psoralens for the murine ear seems to be v.. 
or ~% and the frequency oflight exposure 1 to 3 times per week 
for 5 min. 
E ffect of Smaller Amounts of PUVA 
Experiments were repeated using 100 0 of more dilute con-
centrations of psoralens, I/S, 1,4, or \12%. Groups of 5 animals were 
exposed to light I, 3, or 5 times per week for 1 to 5 weeks. The 
duration of exposUl·e was short, 5 min (3 joules) per treatment . 
Groups of aninlals that were exposed to light for one week were 
sacrificed either on the 7th day or were allowed to rest for one 
week and sacrificed on day 14. The results ar e shown in Table 
IV. PUV A administered using dilute doses of psoralen and 
short exposures to light had little effect on the numerical 
density of the epidermal pigment cells by the end of th e first 
week consistent with the observations of others [2]. By the end 
of th~ second week, in animals treated once, 3 or 5 t inles dUl·ing 
the first week only, the density of epidermal pigment cells had 
almost doubled (Table IV) . The lowest concentration of psor-
alen, \18%, seemed to stimulate epidermal pigment cells as well 
as 1,4 or 12%. Treatment once per week with 5 min exposw·e to 
UV A with \12% 8-methoxypsoralen or 3 times a week with v..% 
psoralen for 3 weeks seemed to have optinlal stimulatory effects 
on the pigment cells. It is of note that swelling rar ely exceeded 
25%, a minimal amount, and ranged from 30-50% only in 
animals exposed daily for 3-5 weeks. Thus, the maximum 
proliferative response of epidermal pigment cells can be 
achieved by using mildly inflammatory doses of PUV A. 
The results from these experiments show that shortwave 
ul traviolet light seems to stimulate epidermal pigment cells at 
all doses administered. In contrast, PUVA seems toxic to epi-
d ermal pigment cells in moderate or large do:-es, but stimulatory 
in lower doses. 
The Effects of Other Forms of Inflammation on Epidermal 
Pigment Cells 
Inflammation was induced in the mouse ear with chemical 
irritants to determine whether other types of inflammation or 
t he mediators of inflammation migh t affect the proliferation of 
pigment cells. For these studies, we used 5 mice in each exper-
imental group. DMSO caused marked edema of the ear, partic-
ularly in high concentration (100%) within short periods of time 
after application. Turpentine causes an irritation 1-2 days after 
application. Mice were sensitized to dinitrochlorobenzene 
(DNCB) by application of 25 III of 0.5% DNCB to the shaved 
abdomen. Four days later the ear was challenged by applying 
10 III of 0.25% DNCB. 
DMSO seemed to stimulate the proliferation of epidermal 
pigment cells. Even in small concentrations, 12Y2%, it caused an 
increase in the density of dopa positive pigment cells from a 
control 176 (SE ± 20) to 208 (SE ± 24). Pure DMSO (100%) 
increased the number of pigment cells to 284 (SE ± 28). DMSO 
caused a marked increase in swelling of the ear only at 100% 
concentration. 
Allergic contact dermatitis increased the density of epidermal 
pigment cells (Table V), a point verified in a second experiment 
(not shown) . In contrast, turpentine had no effect on the density 
of pigment cells (Table V). 
We had asked the question whether the light might produce 
its proliferative effects on pigment cells through the inflam-
matory process. The experiments we reported above have sug-
gested this is not the case. Could the severe inflammatory 
process accompanying PUV A retard the growth of epidermal 
pigment cells? In this experiment (Table V), turpentine and 
DNCB were applied daily to produce marked inflammation, 
i.e., greater than 80% swelling in the ears of the animals. The 
mice were then exposed to shortwave ultraviolet light or PUV A. 
Doses of light were chosen to produce optimal stimulation. The 
epidermal pigment cells in the inflamed ears showed growth 
eq ual to that in noninflamed ears (Table V). Thus, the inflam-
matory process seems neither to stimulate pigment cells in 
sunbumed skin nor to retard their growth. Of interest, allergic 
contact dermatitis (Table V) as well as DMSO can stimulate 
pigment cell growth. 
The Effect of Prostaglandin.s on Epidermal Pigment Cells 
Various doses (10,50, or 100 ugm) of prostaglandin E, F2cx, or 
A dissolved in absolute ethanol or in DMSO were applied for 5 
days during one week. None of these agents stimulated pigment 
cell growth when compared to the con trols treated with DMSO 
or ethanol alone. 
The Effects of Anti·Inflammatory Agents on Epidermal 
Pigment Cells 
We wished to test whether inhibitors of inflammation had an 
effect on epidermal pigment cells. Triamcinolone acetonide, 
0.1% or 0.5% cream, was applied to the ears of groups of five 
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FIG 3. T he number of dopa posit ive cells visible in t he murine 
epidermis following daily applications of 0.1% or 0.5% tria mcinolone 
acetonide decreased over a 4-week period. Discontinuation of the 
t reatment (dotted lines ) caused a prompt return of the melanocyte · 
populations, suggesting that triamcinolone inhibi ted t he enzyme tyro-
sinase and did not kill the p igment cells . 
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normal animals daily (Fig 3). The number of dopa positive cells 
fell dramatically. At the end of 2 weeks, the density was one-
half that of the control and at 4 weeks, the cells were almost 
entirely gone. Small round dots, not recognizable as cells, were 
visible on the section (Fig 4). To determine whether th e dis-
appearance of epidermal pigment cells was an inhibitory effect 
of the steroid on the enzyme tyrosinase or a lethal effect on the 
cell, the treatment was discontinued after 2 or 4 weeks, and the 
animals allowed to rest 3 or 7 days respectively before being 
sacrificed. During t his ·interval, the number of dopa positive 
cells rose dramatically (Fig 3). These findings suggest that the 
steroids affected the fu nction of the enzyme tyrosinase rather 
than the viability of the cell. Benzyl alcohol is presen t in the 
base of triamcinolone acetonide. In other ·experiments (not 
shown) , benzyl alcohol was shown to have no effect on the 
number of dopa positive cells in the skin . 
In a second study, groups of 5 animals were exposed to 
variable doses of shortwave ultraviolet ligh t (3 times per week 
for 1 week) or 'one dose of PUV A while receiving daily intra-
peritoneal injections of triamcinolone acetonide 50 mg/kg or 
daily applications of 100 ILl of indomethacin, 0.6% concentration 
dissolved in 100% DMSO. The animals were sacrificed 48 Ill" 
after the last treatment (Table VI). 
The steroids injected intra peritoneally caused a decrease in 
the number of dopa positive cells visible in the ear. The inhib-
itory effects of steroids on tyrosinase function seem to be 
reversed by exposure of the animal to moderate or large doses 
of shortwave ultraviolet ligh t and PUV A. Indomethacin, on the 
other hand, had no consistent effect on the epidermal pigment 
cell. 
Histology of the Epidermal Pigment Cells After Light 
Therapy 
T he appearance of the epidermal pigment cells following 
treatment with shortwave ultraviolet, PUV A, or h ycil-ocortisone 
, 
F IG 4. T he photomicrograph (enlar ged from x200) of epidermis 
fo llowing applications of t riamcinolone acetonide, 0.1%. No dendritic 
dopa positive ce LIs are vis ible. The small black dots probably are the 
ce ll bodies of persisting pigment ce LIs. 
TABLE VI. Density of epidermal pignient cellslmm2 in ears exposed 
to ultraviolet light and treatecl with anti·inflammatory agents 
Drug Treatment Triamcinolone Ultraviolet 
acetonide light 100 1'10.6% None Indomethacin 50 mg/ kg 
60 seconds" 324 ± 20 352 ± 40 72 ± 25 
l20 seconds 408 ± 25 292 ± 24 168 ± 20 
180 seconds 400 ± 36 388 ± 40 312 ± 44 
PUVA1, 392 ± 32 Died 384 ± 24 
"3x/ l wk at 1,900 /lw/cm2. 
h 50 p.! l% 8-methoxypsoralen 30 min UVA (19 joules) . 
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FIG 5. Photomicrograph of epidermis showing low (enlarged from 
X40) a nd medium (enlarged from x200) magnification of dopa posit ive 
cells in t he normal murine epidermis. 
exhibit ch anges characteristi.c for the th erapy. In untreated 
skin, the pigment cells show a regular distribution throughout 
the ear, although the number of epidermal pigment cells is most 
dense at the free edge of the ear and most sparse at the base. 
Shortwave ultraviolet ligh t causes an increase in the numerical 
density t ruoughout the tissue. The cells ma intain their regular 
distribution and appear normal in size and shape (Fig 5, A & B 
and 6, A & B). Toxic doses of PUVA produce a very patchy 
distribution of cells (Figure 7, A & B). In many areas along the 
ear margin only a few cells ru·e visible and some of these are 
many times greater than normal in size and shape and have an 
increased number of dendrites (Figure 7, A & B). A few patches 
along the margin of the ear show areas containing high numbers 
of cells. The net numerical density of the cells, however, follow-
ing high doses of PUV A is lower than normal. In contrast, low 
doses of PUV A produce a high density of pigment cells evenly 
distributed truoughout the ear (Fig 8) . T riamcinolone applied 
topically or injected intraperitoneally causes the cells to appear 
as small round spots (Fig 4): Presumably, these are the cell 
bodies. 
DISCUSSION 
T hese experiments indicate that shortwave ultraviolet light 
stimulates epidermal pigm ent cell mitosis as noted by others 
(1 ,2,14] up to the maximum doses administered in our experi-
ments (180 seconds-1,900 /lw/cm 2). We had expected that 
repeated large doses of shor twave ul traviolet ligh t would be 
toxic to epidermal pigment cells, similar to the findings in 
human skin [ll]. In the latter studies, skin biopsies were ob-
tained from human subjects exposed to the Australian sunligh t 
for many years. The number of pigment cells was decreased 
from normal and their morphology was bizarre. Possibly, the 
duration of our experiments was too short. It seems more likely 
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FIG 6. Photomicrographs (enlarged from x40 and X200) showing 
the diffuse increase in the number of pigment cells in the epidermis 
following expOSUl·e to shortwave ultraviolet light. The morphology of 
the cells is normal. 
that we used insufficient quantities of shortwave ultraviolet 
light to produce injury to the pigment cells. The longest expo-
sure, 180 seconds at 1,900 p.w/cm2, caused only a moderate 
inflammatory reaction, less than 50% swelling of the ear. In 
contrast, the most marked inhibitory effects of PUV A were 
associated with severe inflammation, greater than 100% swelling 
of the ear. Also, the light source used for these experiments 
emits predominantly very short ultraviolet (250-320 nm). About 
10% of the emitted energy was in the 280-320 nm range. 
Whether pure UVB (290-320 nm) will function as a stimulant 
or toxin under similar experimental conditions is now under 
study. 
PUV A had a dual effect on epidermal pigment cells. Moder-
ate or large doses of PUV A, with either excessive amounts of 
light or psoralen, caused mm·ked tissue reactions, severe inflam-
mation, and damage to the epidermal pigment cells. PUV A is 
not a good stimulant of pigment cells in the mouse when given 
too frequently or in too large doses. Even a single dose of PUV A 
if sufficiently large seems to cause injury to the epidermal 
pigment cells. In one study, it was shown that PUVA used to 
treat patients with psoriasis had no stimulating effect on the 
proliferation of pigment cells. The authors suggested that 
PUV A may be a pigment cell toxin [15]. Our data confirm this 
point. That the toxic effects of PUV A occur after a single 
exposure and persist for 2 weeks suggest that light injures or 
kills the cells, and not merely blocks the enzyme tyrosinase. We 
interpret this data to mean that the epidermal pigment cells 
are not specially protected by melanin from ultraviolet light 
and can be injured by it, an observation suggested by the work 
of others [11,15,16). 
The inflammatory reaction, i.e., ear swelling in mice or the 
MED in human skin is a useful measure of tissue response to 
light. The relationship of inflammation and proliferation of 
pigment cells caused by shortwave ultraviolet or by PUV A are 
quite different. By comparing the proliferative response of 
FIG 7. Low power view (enlarged from x40) of PUVA treated epi-
dermis showing the patchy loss of pigmented cells in some areas of 
epidermis characteristic of skin treated with excessive doses of PUV A. 
Medium power (enlarged from x200) shows the bizarre giant melano-
cytes which develop following high doses of PUVA. 
FIG 8. Low power view· (enlarged from X40) showing an even distri· 
bution of pigment cells in epidermis treated gently with small doses of 
PUVA (100 p.l Y.!% 8-methoxypsoralen, 5 min exposUl·e once weekly for 
3 weeks). 
pigment cells for comparable degrees of inflammation (30-40% 
swelling) caused by the two light modalities, one notes that 
shortwave ultraviolet light is a better stimulant of pigment cell 
gJ:owth (Table III, Fig 2) than PUV A. 
It is possible that both forms of electromagnetic energy have 
no effect on the proliferation of epidermal pigment cells but 
only convert dopa negative cells to dopa positive cells. EXPeJi-
ments by others [3,14] suggest that the epidermal pigment cells 
in mice in fact do undergo mitoses following exposure to light. 
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Moreover, data from our experiments and others [2] indicate 
that it takes 7-14 days fo llowing exposW'e to ligh t for the 
pigmen t cells to increase in number when quantified by dopa 
stains. T his period of delay seems more consistent with the 
interpretation that cells are dividing, not merely activating or 
synthesizing the enzyme tyrosinase. Certainly, PUV A must 
cause proliferation of epidermal pigment cells in skin of human 
patients with vitiligo because their white spots are devoid of 
pigment cells. Repigmentation is caused by mitosis of pigment 
cells in the hair bulbs and their migration into surrounding 
skin. 
The inflammatory reaction caused by PUV A and by some 
chemical mediators of inflammation such as prostaglandins A, 
E, or F2 seems to have no effect on the proliferation of pigment 
cells. In contrast, inflammation caused by DMSO and DNCB, 
but not tW'pentine, was accompanied by an increase in the 
number of cells. Several explanations are possible for this 
observation. DMSO and DNCB may have some direct effect 
on pigment cells. In tissue cultW'e of human melanoma cells, 
DMSO seems to inhibi t growth of cells and accentuates syn-
thesis of melanin [17]. One explanation for the increase in dopa 
positive cells caused by DMSO in oW' experiments is th at large 
number of pigment cells reside in the epidermis which have no 
functioning tyrosinase and cannot be stained by dopa. DMSO 
might activate the enzyme. A second possibility is that the 
inflammatory process induced by DNCB and DMSO is respon-
sible for the growth of pigment cells, but its chemical mediators 
differ qualitatively from the inflammation induced by PUV A 
or turpentine. DMSO causes release of histamine from mast 
cells [18,19] which may have an effect on the pigment cell 
growth . PUV A may also have an effect on mast cells and 
histamine release [20]. What does seem clear is that prostaglan-
din A, E,and F2a in th e doses we used (10-100 Ilg) in either 
single or multiple applications have no effect on the density of 
the epidermal pigment cells. PGE does increase DNA synth esis 
in keratinocytes [21], but only in smaller doses than those used 
in these experiments. 
It would be useful to know th e relative contributions of light 
and psoralens to the proliferation of epidermal pigment cells 
and to the inflammation of the skin. In our experiments, it 
seems that light makes the greater contribution to the inflam-
matory process. We base this conclusion on those experiments 
in which the fluence of UV A was held constant but the dW'ation 
of exposure and the dose of psoralens varied inversely. For 
el}ample, the inflammatory response of the ear to 50 III of 
psoralen and 60 min of light (53 joules) is much greater than 
the reaction to 100 III of psoralen and 30 min oflight (Fig 1). In 
contrast, the greater proliferation of pigment cells seems to 
occur with less light and more psoralen. The overall configu-
ration of Fig 1 suggests that the inflammatory reaction increases 
with the greater exposure to light. The proliferation of the 
epidermal pigment cells seems optimal with the larger doses of 
psoralen and less light. We presume that the psoralen pene-
trates the thin skin of the mouse and reaches a steady state 
concentration quickly. Thus, the rate of photoreactions in the 
skin at a given fluence of energy should be constant per unit of 
time. Therefore, a longer dW'ation of exposW'e would cause a 
greater number of photochemical reactions manifested by a 
greater inflammatory response. 
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Steroids are frequently used alone or in combination with 
bleaching agents like hydroquinone to treat patients with hy-
perpigmentation or to depigment patients with vitiligo. From 
our experiments, we suggest that steroids inhibit the function 
of th e enzyme tyrosinase (Fig 3). 
We would like to thank Ml·s. Joanne Gordon for her help in prepa-
ration of this manuscript and Mr. Pal'ker Bailey and Mr. Anthony 
Paturzo fOl" t heir excellent care of t he animals. 
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